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(54) COMPOUND MAGNETIC MATERIAL AND ITS MANUFACTURE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To obtain satisfactory DC overlay characteristics in high 
permeability at low core loss by a method, wherein the adjacent distance between mutual 
magnetic powder is controlled by a spacing material of a compound magnetic material. 
SOLUTION: A mixture, comprising magnetic powder and a spacing material, is compression- 
molded to produce a compound magnetic material. At this time, the adjacent distance 
between mutual magnetic powders is controlled by the spacing material. The permeability of 
the magnetic powder is specified to be large than that of the spacing material. Furthermore, 
the distance 8 between adjacent magnetic powder is ratisfied at least in 70% or more of the 
whole magnetic powder satisfying 10<5/d<1 0-1, wherein the mean particle diameter is set to 
be (d). The magnetic powder contains at lest one kind or more from among ferro-magnetic 
bodies, e.g. Fe base, FeSi based powder, FeAl Si based, powder FeNi based powder, 
permendur amorphous, nano fine crystal, and a mean particle diameter of the magnetic 
powder is set at most at 100 /urn. 
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(57) [Abstract] 

[Technical problem] A core loss aims at offering the compound magnetic 
material which has a low direct-current superposition property with it 
about the highly efficient metal system dust core used for a choke coil 
etc. [ high and permeability and ] [ good ] 

[Means for Solution] It is the compound magnetic material obtained when 
the mixture which consists of magnetic powder and spacing material is 
pressed, and the compound magnetic material which has the direct-current 
superposition property that permeability excelled [ control / the 
distance which magnetic powder adjoins by spacing material ] in the core 
loss highly low is offered. 
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CLAIMS 
[Claim(s)] 

[Claim 1] The compound magnetic material which is a compound magnetic 
material obtained when the mixture which consists of magnetic powder A 
and spacing material B is pressed, and is characterized by controlling 




the distance delta which magnetic powder A adjoins by the spacing 
material B. 

[Claim 2] The compound magnetic material according to claim 1 
characterized by the permeability of the magnetic powder A being larger 
than the spacing material B. 

[Claim 3] The compound magnetic material according to claim 1 
characterized by being satisfied with 70% or more of the whole magnetic 
powder of the relation which is 10-3 <= delta/d <=10-1 if the distance 
delta which magnetic powder A adjoins sets mean particle diameter of 
magnetic powder to d. 

[Claim 4] The compound magnetic material according to claim 1 
characterized by including at least one or more kinds in the 
ferromagnetic of Fe system, a FeSi system, a FeAISi system, a FeNi 
system, Permendur, amorphous one, and a nano microcrystal as magnetic 
powder A. 

[Claim 5] The mean particle diameter of the magnetic powder A is a 
compound magnetic material 100 micrometers or less according to claim 1. 
[Claim 6] The compound magnetic material according to claim 1 
characterized by including at least one or more kinds in the inorganic 
substance of aluminum 203, and MgO, Ti02, ZrO, Si02 and CaO as spacing 
material B. 

[Claim 7] The compound magnetic material according to claim 1 
characterized by the mean particle diameter of the inorganic substance 
used as spacing material B being 10 micrometers or less. 
[Claim 8] The compound magnetic material according to claim 1 whose 
spacing material B is the organic substance. 

[Claim 9] The compound magnetic material according to claim 1 whose 
organic substance used as spacing material B is either silicon resin 
powder, fluorine resin powder or benzo KUANAMIN resin powder. 
[Claim 10] The spacing material B is a general formula. [Formula l] 

" ~ CH 3 
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CH,-Si - O— SiO 
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CH 3 



CH 3- 



CH 5 

I 

SiO 
I 

X 



m 



CH 3 
SiO 



I 

Z 



CH 3 
I 

SiO -h Si - CH 3 



I 

CH 3 



The compound magnetic material according to claim 1 come out of and 
shown. However, in the above-mentioned general formula, X is [ an 
organic functional group and Z of an alkoxy silyl radical and Y ] 
organic units. 

[Claim 11] The compound magnetic material according to claim 1 whose 
spacing material B is metal powder. 



* 



[Claim 12] The compound magnetic material according to claim 1 
characterized by the mean particle diameter of the metal powder used as 
spacing material B being 20 micrometers or less. 
[Claim 13] The compound magnetic material according to claim 1 
characterized by including following at least two or more kinds in a, b, 
and c as spacing material B. a is at least one or more kinds of 
inorganic substances among aluminum 203, and MgO, Ti02, ZrO, Si02 and 
CaO. b is at least one or more kinds of organic substance among silicon 
resin powder, fluorine resin powder, benzo KUANAMIN resin powder, or the 
compound shown by the following general formulas. 
[Formula 2] 

CH 3 F CH 3 ~ 

CH 3 -Si - o--sio 

CH 3 L CH 3 J ! 

However, in the above-mentioned general formula, X is [ an organic 
functional group and Z of an alkoxy silyl radical and Y ] organic units, 
c is metal powder. 

[Claim 14] The compound magnetic material characterized by sinking in a 
compound magnetic material according to claim 1 by the insulating 
impregnant. 

[Claim 15] The compound magnetic material according to claim 14 
characterized by sinking in the compound magnetic material whose void 
content is less than [ of the whole / more than 5vol%50vol% ] by the 
insulating impregnant. 

[Claim 16] The manufacture approach of the compound magnetic material 
which is the manufacture approach of the compound magnetic material 
which heat-treats the mixture which consists of magnetic powder A and 
spacing material B after compression molding, and is characterized by 
controlling the distance delta which magnetic powder A adjoins by the 
spacing material B. 

[Claim 17] The manufacture approach of a compound magnetic material 
according to claim 16 that the spacing material B is metal powder with 
the melting point higher than heat treatment temperature. 
[Claim 18] The manufacture approach of the compound magnetic material 
according to claim 16 characterized by heat-treating at the temperature 
of 350 degrees C or more. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the compound magnetic 
material especially used as soft magnetic materials for magnetic cores, 
and its manufacture approach about the highly efficient metal system 
compound magnetic material used for a choke coil etc. 
[0002] 

[Description of the Prior Art] In recent years, the miniaturization of 
the electrical and electric equipment progresses, the small and 
efficient magnetic material is demanded, and the ferrite magnetic core 
and the dust core are used as a choke coil used by high frequency. The 
ferrite magnetic core has the fault that saturation magnetic flux 
density is small, among these. On the other hand, since the dust core 
which fabricates metal magnetism powder and is produced had remarkable 
large saturation magnetic flux density compared with the soft magnetism 
ferrite, it was advantageous to the miniaturization, but since the 
temperature rise of a part core with a large core loss became large with 
the core which cannot say to excel the ferrite about permeability and 
power loss, therefore is used for a choke coil or an inductor, it was 
what a miniaturization cannot plan easily. 

[0003] Although the core loss of a dust core usually consists of 
hysteresis loss and eddy current loss, he is trying to control 
generating of an eddy current by covering electric insulation resin etc. 
on a magnetic powder front face, since eddy current loss increases in 
proportion to the square of a frequency, and the square of the size in 
which an eddy current flows. On the other hand, hysteresis loss was that 
to which permeability deteriorates while it is usually necessary to 
apply two or more 5 ton/cm compacting pressure therefore and distortion 
increases as the magnetic substance, in order to raise the shaping 




consistency of a dust core, and hysteresis loss increases. In order to 
avoid this, and to release distortion if needed, performing a shaping 
postheat treatment was performed, but when hot heat treatment was 
required, the insulating binder was indispensable, in order to insulate 
magnetic powder and to maintain binding of fine particles moreover. 
[0004] Since the pyrolysis of the thermal resistance will be low carried 
out if elevated-temperature heat treatment is performed in order [ of 
the epoxy resin conventionally used as a binder of a dust core, phenol 
resin, vinyl chloride resin, etc. ] to open distortion, organic system 
resin can hardly be used, and it is necessary to use an inorganic system 
binder etc. As an inorganic binder, silicate system water glass, alumina 
cement given in JP, 1-215902, A, polo siloxane resin given in JP, 6- 
299114, A, silicone resin given in JP, 6-342714, A and silicone resin given 
in JP, 8-45724, A, and the proposal of organic titanium mixing etc. are 
made. 

[0005] Moreover, in order to secure a direct-current superposition 
property, magnetic cores, such as the conventional ferrite, are reducing 
the fall of the inductance L value at the time of direct-current 
superposition by preparing the gap of several 100 micrometers in 
perpendicularly a magnetic path is barred. However, such a large gap 
became the generation source of a beat sound, and also was that from 
which especially the magnetic leakage flux from a gap brings the 
remarkable increment in copper loss to a coil with high frequency. On 
the other hand, since permeability of a dust core is low, it is used 
without a gap, therefore the copper loss by the beat sound and magnetic 
leakage flux is small. 
[0006] 

[Problem(s) to be Solved by the Invention] Although a dust core falls 
gently-sloping to direct-current superimposed current to the magnetic 
core containing a gap falling to direct-current superimposed current 
more rapidly [ an inductance L value ] than a certain place 
conventionally, this is considered because distribution width of face is 
in the magnetic tooth space which exists in the interior of a dust core. 
For this reason, in order to secure the outstanding direct-current 
superposition property certainly, the magnetic tooth space of the 
magnitude more than necessary minimum is needed, and the decline in 
permeability is not avoided as the whole magnetic core. Moreover, it is 
for it to be good seemingly at the time of direct-current superposition, 
when a core loss is large, but for apparent permeability to increase 
this, so that loss is large in high frequency, and it is difficult to be 
compatible in a good direct-current superposition property at a low core 



loss. 

[0007] This invention removes the above-mentioned conventional fault, 
and aims at offering the compound magnetic material with which 
permeability has a good high and direct-current superposition property 
by the low core loss. 
[0008] 

[Means for Solving the Problem] In order to solve the above-mentioned 
technical problem, this invention is a compound magnetic material 
obtained when the mixture which consists of magnetic powder A and 
spacing material B is pressed, and is a compound magnetic material 
characterized by controlling the distance delta which magnetic powder A 
adjoins by the spacing material B. 

[0009] Here, it is desirable that the permeability of the magnetic 
powder A is larger than the spacing material B, and when the distance 
delta which magnetic powder A adjoins sets mean particle diameter of 
magnetic powder to d, it is desirable that it is satisfied with 70% or 
more of the whole magnetic powder of the relation which is 10-3 <= 
delta/d <=10-1. 

[0010] According to this invention, permeability can obtain the compound 
magnetic material which has a good high and direct-current superposition 
property by the low core loss also on a high frequency. 
[0011] 

[Embodiment of the Invention] Invention of this invention according to 
claim 1 is a compound magnetic material obtained when the mixture which 
consists of magnetic powder A and spacing material B is pressed. While 
being the compound magnetic material characterized by controlling the 
distance delta which magnetic powder A adjoins by the spacing material B 
and securing necessary minimum tooth-space length to magnetic powder A 
by using the spacing material B The outstanding superposition property 
can be realized maintaining high permeability by narrowing magnetic 
tooth-space distribution width of face as the whole. Moreover, eddy 
current loss can also be reduced from isolating magnetic powder 
certainly. 

[0012] The permeability of the magnetic powder A is the compound 
magnetic material according to claim 1 characterized by being larger 
than the spacing material B, and spacing material can serve as a 
magnetic tooth space, and invention according to claim 2 can change the 
distance delta of magnetic powder, and can control the permeability of a 
compound magnetic material, and a direct-current superposition property 
by using the spacing material B with small permeability from the 
magnetic powder A. 



m • 

[0013] If the distance delta which magnetic powder A adjoins sets mean 
particle diameter of magnetic powder to d, invention according to claim 
3 is a compound magnetic material according to claim 1 characterized by 
being satisfied with 70% or more of the whole magnetic powder of the 
relation which is 10-3 <= delta/d <=10-1, can change delta by the class 
of spacing material B, particle size, particle size distribution, etc., 
and can control the permeability of a compound magnetic material, and a 
direct-current superposition property. 

[0014] It is the compound magnetic material according to claim 1 
characterized by invention according to claim 4 including at least one 
or more kinds in the ferromagnetic of Fe system, a FeSi system, a FeAISi 
system, a FeNi system, Permendur, amorphous one, and a nano microcrystal 
as magnetic powder A, and saturation magnetic flux density and the 
permeability of these metal magnetic substance are high, it obtains 
easily by the atomizing powder, a pulverized powder, etc., and a highly 
efficient compound magnetic material is obtained. 

[0015] The mean particle diameter of the magnetic powder A is a compound 
magnetic material 100 micrometers or less according to claim 1, and 
invention according to claim 5 has it. [ effective for reduction of an 
eddy current ] 

[0016] It is the compound magnetic material according to claim 1 
characterized by including at least one or more kinds in the inorganic 
substance of aluminum 203, and MgO, Ti02, ZrO, Si02 and CaO of invention 
according to claim 6 as spacing material B, and these inorganic 
substances are [ that heat treatment cannot react easily with magnetic 
powder, either ] effective as spacing material. 

[0017] The mean particle diameter of the inorganic substance which uses 
invention according to claim 7 as spacing material B is the compound 
magnetic material according to claim 1 characterized by being 10 
micrometers or less, and can make small distribution of the distance 
delta which magnetic powder A adjoins, and a direct-current 
superposition property improves. 

[0018] The spacing material B is the compound magnetic material 
according to claim 1 which is the organic substance, and invention 
according to claim 8 can control the distance delta which magnetic 
powder A adjoins with the organic substance, and can control the 
permeability of a compound magnetic material, and a direct-current 
superposition property. 

[0019] The organic substance used as spacing material B is the compound 
magnetic material according to claim 1 which is either silicon resin 
powder, fluorine resin powder or benzo KUANAMIN resin powder, and since 



thermal resistance is high, as for invention according to claim 9, after 
a heat treatment process can maintain the effectiveness as spacing 
material. 

[0020] For invention according to claim 10, the spacing material B is a 
general formula. [0021] 
[Formula 3] 
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[0022] However, in the above-mentioned general formula, X is [an 
organic functional group and Z of an alkoxy silyl radical and Y ] 
organic units. It comes out, and it is the compound magnetic material 
according to claim 1 shown, and as spacing material, the magnetic powder 
A reduces the elasticity of a binder with a wrap, and a powder nature 
moldability is improved. 

[0023] The spacing material B is the compound magnetic material 
according to claim 1 which is metal powder, and invention according to 
claim 11 can control the distance delta which magnetic powder A adjoins 
with metal powder, and can control the permeability of a compound 
magnetic material, and a direct-current superposition property. Moreover, 
since a metallic material can also expect the effectiveness which binds 
magnetic powder A that it is easy to deform at the time of compression 
molding, its reinforcement of a compression-molding object is high. 
[0024] The mean particle diameter of the metal powder which uses 
invention according to claim 12 as spacing material B is the compound 
magnetic material according to claim 1 characterized by being 20 
micrometers or less, and can make small distribution of the distance 
delta which magnetic powder A adjoins, and a direct-current 
superposition property improves. 

[0025] Invention according to claim 13 is a compound magnetic material 

according to claim 1 characterized by including following at least two 

or more kinds in a, b, and c as spacing material B. 

[0026] a is at least one or more kinds of inorganic substances among 

aluminum 203, and MgO, Ti02, ZrO, Si02 and CaO. 

[0027] b is at least one or more kinds of organic substance among 

silicon resin powder, fluorine resin powder, benzo KUANAMIN resin powder, 

or the compound shown by the following general formulas. 

[0028] 

[Formula 4] 
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[0029] However, in the above-mentioned general formula, X is [ an 
organic functional group and Z of an alkoxy silyl radical and Y ] 
organic units. 

[0030] c is metal powder. Since the distance delta which magnetic powder 
A adjoins by the spacing material B is controlled, the permeability of a 
compound magnetic material and a direct-current superposition property 
are controllable by the combination of the class of spacing material. 
[0031] Invention according to claim 14 is a compound magnetic material 
characterized by sinking in a compound magnetic material according to 
claim 1 by the insulating impregnant, and is effective in improvement in 
reinforcement, rust proofing of the metal magnetic substance, a raise in 
surface resistance, etc. 

[0032] A void content is the compound magnetic material according to 
claim 14 characterized by sinking in the compound magnetic material 
which is less than [ of the whole / more than 5vol%50vol% ] by the 
insulating impregnant, an impregnant enters to the interior of a core 
and a mechanical strength and dependability of according to claim 15 
invention improve. 

[0033] Invention according to claim 16 is the manufacture approach of 
the compound magnetic material which heat-treats the mixture which 
consists of magnetic powder A and spacing material B after compression 
molding, is the manufacture approach of the compound magnetic material 
characterized by controlling the distance delta which magnetic powder A 
adjoins by the spacing material B, removes distortion received at the 
time of shaping, and can reduce hysteresis loss. 
[0034] The spacing material B is the manufacture approach of the 
compound magnetic material according to claim 16 which is metal powder 
with the melting point higher than heat treatment temperature, since 
melting does not happen at the time of heat treatment, either, invention 
according to claim 17 is effective as spacing material, and it can 
control the distance which magnetic powder A adjoins. 
[0035] Invention according to claim 18 is the manufacture approach of 
the compound magnetic material according to claim 16 characterized by 
heat-treating at the temperature of 350 degrees C or more, is heat- 
treating the moldings after compression molding at the temperature of 
350 degrees C or more, and reduces hysteresis loss. 



[0036] Hereafter, the gestalt of 1 operation of this invention is 
explained. 

Si-9% whose Fe-aluminum-Si the pure iron of the used metal magnetism 
powder is 99.6% of purity, and is the Sendust presentation, (Gestalt 1 
of operation) Si-3. 5%, Remainder Fe, and Fe-nickel aluminum-5%, 
Remainder Fe, and Fe-Si nickel-78. 5%, Remainder Fe and Permendur are Co- 
50% and Remainder Fe, and are an atomizing powder with a mean particle 
diameter of 100 micrometers or less, respectively. A Fe-Si-B alloy and 
nano microcrystal magnetism powder ground the Fe-Si-B-Cu alloy after 
producing a ribbon with the melt quenching method, and Fe radical 
amorphous powder obtained fine particles with a mean particle diameter 
of 100 micrometers or less, respectively. The inorganic substance used 
for spacing material used the particle size of 5 micrometers or less. 
[0037] The ethanol 1 weight section was mixed with the mixed agitator as 
the butyral resin 3 weight section and a solvent for the binder 
dissolution as the spacing material 1 weight section and a binder to the 
mixed process metal magnetism powder 100 weight section. In addition, 
when using the high metal powder of an oxidizing quality, it is 
desirable to perform a mixed process, controlling to non-oxidizing 
atmospheres, such as nitrogen. 

[0038] Degassing desiccation of the solvent is carried out from the 
mixture after granulation process mixing process termination. It corned 
in order to secure the fluidity which grinds the mixture after 
desiccation and can be introduced into a making machine, and granulation 
powder was produced. 

[0039] ****** carried out pressurization molding of this granulation 
powder for 3 seconds with the welding pressure of 10 t/cm2 with a 1 
shaft press, and acquired the Plastic solid of the outer diameter of 
25mm, the bore of 15mm, and a toroidal configuration with a thickness of 
about 10mm. 

[0040] It heat-treated in nitrogen-gas-atmosphere mind after that [ heat 
treatment process ]. In addition, the temperature holding time was made 
into 0. 5 hours. 

[0041] Samples 1-18 (example) and samples 19-22 (example of a 
comparison) were produced with the class of metal magnetism powder as 
shown in (Table 1), and spacing material, and heat treatment temperature. 
Thus, permeability, a core loss, and direct-current superposition were 
measured about the obtained sample. Permeability is measured on the 
frequency of 10kHz with an LCR meter, a core loss measures using an 
alternating current B-H curve measurement machine by 50kHz of test 
frequencies, and measurement flux density 0. IT, and the rate of L value 



change in case direct-current fields are 1600 A/m in 50kHz of test 
frequencies shows the direct-current superposition property. 
[0042] An evaluation result is shown in (Table 1). 
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[0044] The choke coil for a harmonic distortion cure serves as three or 
less core loss 1000 kW/m, and, as for permeability, 60 or more and 
direct-current superposition serve as criteria of selection of 70% or 
more by the amperometry frequency of 50kHz, and measurement flux density 
0. IT here. 

[0045] In addition, delta/d was measured using SIMS and XMA. Although 
the sample 19 had the measured value of delta/d smaller than 10-3, the 
other sample was satisfied with 70% or more of the whole magnetic powder 
of the relation which is 10-3 <= delta/d <=10-1. 

[0046] It turns out that an inorganic substance of aluminum 203, and MgO, 
Ti02, ZrO, Si02 and CaO is effective as magnetic powder, and it is 
effective as Fe system, a Fe-Si system, a Fe-aluminum-Si system, a Fe- 
nickel system, Permendur, amorphous one, a nano microcrystal, and 
spacing material so that more clearly than the result of (Table 1). 
[0047] Moreover, by heat-treating the mixture which consists of magnetic 
powder and spacing material at the temperature of 350 degrees C or more 
after compression molding shows that permeability, a core loss, and a 
direct-current superposition property are effective. 
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[0048] Moreover, although there is no heat treatment after compression 
molding in specific magnetic powder and a property can be secured, in 
order to improve a property further, it is desirable to heat-treat at 
the temperature of 350 degrees C or more. 

[0049] This invention is a compound magnetic material obtained when the 
mixture which consists of magnetic powder A and spacing material B is 
pressed, and is a compound magnetic material characterized by 
controlling the distance delta which magnetic powder A adjoins by the 
spacing material B. Generally, the inductance L value of a dust core is 
falling gently-sloping to direct-current superimposed current. This is 
considered because distribution width of face is in the magnetic tooth 
space which exists in the interior of a dust core. A dust core shows 
such a direct-current superposition property, in order to make 
distribution width of face in the isolation distance and magnetic tooth- 
space length, and for magnetic flux to connect too hastily from the 
place which magnetic tooth-space length is short, or has touched and to 
begin saturation with the press at the time of shaping etc. , although 
magnetic powder is isolated with binders, such as resin. For this reason, 
although the magnetic tooth-space length more than necessary minimum was 
certainly prepared by the technique of increasing the amount of binders 
in order for the conventional dust core to secure the outstanding 
direct-current superposition property therefore, the decline in 
permeability was not avoided as the whole magnetic core. 
[0050] This invention can realize the outstanding direct-current 
superposition property, maintaining high permeability by narrowing 
magnetic tooth-space distribution width of face as the whole while 
securing necessary minimum tooth-space length by using the spacing 
material B. Moreover, eddy current loss can also be reduced from 
isolating magnetic powder certainly. 

[0051] In addition, even if it is the magnetic powder or presentation 
ratios other than the gestalt of operation, it cannot be overemphasized 
that Fe system, a Fe-Si system, a Fe-aluminum-Si system, a Fe-nickel 
system, Permendur, amorphous one, the mixed powder containing at least 
one or more kinds in the ferromagnetic of a nano microcrystal or an 
alloy, and the solid solution also have the same effectiveness as 
magnetic powder A. Saturation magnetic flux density and permeability are 
high, and are not depended on the manufacture approaches, such as the 
manufacture approach, for example, an atomizing-powder method, a 
pulverized-powder method, and a super-quenching method, but these metal 
magnetic substance has the same effectiveness. Moreover, it cannot be 
overemphasized that magnetic materials other than this are not twisted 
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in fine-particles configurations, such as the shape of a globular shape 
and flat,, either, but have the same effectiveness. 

[0052] As spacing material B, whether as for the fine particles of the 
inorganic substance of aluminum 203, and MgO, Ti02, ZrO, Si02 and CaO 
heat treatment cannot react easily with magnetic powder, either, and are 
powder, such as inorganic substances other than this, for example, glass 
etc., or is flat-like fine particles, it cannot be overemphasized that 
there is same effectiveness. 

[0053] Furthermore, it cannot be overemphasized that mixed powder 
including at least one or more kinds or a multiple oxide, and a nitride 
also have the same effectiveness in the above-mentioned spacing material 
B, either. 

[0054] Distortion which produces the mixture which consists of magnetic 
powder A and spacing material B by heat-treating after compression 
molding at the time of shaping can be opened. In compression molding, if 
two or more 5 t/cm compacting pressure is applied, distortion will arise 
in the magnetic substance, permeability will deteriorate, and hysteresis 
loss will increase. Then, it is desirable to heat-treat, after 
fabricating in order to release distortion if needed, and to reduce 
hysteresis loss. 

[0055] In heat treatment here, in order for distorted picking 
temperature to change with quality of the materials of the metal 
magnetic substance and to crystallize by the elevated temperature in 
600-degree-C or more and Fe system by the Fe-aluminum-Si system at 700 
degrees C or more, amorphous one, and a nano microcrystal, 350-degree-C 
or more heat treatment of 600 degrees C or less is desirable. Moreover, 
heat-treating by the non-oxidizing atmosphere is still more desirable. 
[0056] Table 2 (Gestalt 2 of operation) Considered as metal magnetism 
powder as shown, and spacing material/ and compacting pressure 10 t/cm2 
of a 1 shaft press and heat treatment temperature were made into 720 
degrees C, and also samples 23-27 (example) and samples 28 and 29 
(example of a comparison) were created like the gestalt 1 of operation, 
and it evaluated. 

[0057] An evaluation result is shown in (Table 2). 
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[0059] It turns out that the mean particle diameter of magnetic powder 
is effective by 100 micrometers or less so that more clearly than the 
result of (Table 2). Moreover, it turns out that the mean particle 
diameter of spacing material is effective by 10 micrometers or less. 
[0060] Since eddy current loss increases here in proportion to the 
square of a frequency, and the square of the size in which an eddy 
current flows, if the front face of magnetic powder is covered with an 
insulator, since an eddy current will depend on the particle size of 
metal magnetism fine particles, the more detailed one decreases [ eddy 
current loss ]. For example, as for the choke coil for a harmonic 
distortion cure, three or less 500 kW/m is desired again more preferably 
three or less core loss 1000 kW/m by the amperometry frequency of 50kHz, 
and measurement flux density 0. IT. For that purpose, in order to reduce 
eddy current loss 50kHz or more, it is more nearly required than 
theoretical count to be the mean particle diameter of 100 micrometers or 
less at least, and it is 50 micrometers or less more preferably. 
Moreover, if the oxide film 5nm or more is formed in the front face of 
metal magnetism fine particles, insulation is still more effective for 
reduction of collapsibility eddy current loss in it being certain. 
[0061] Although the distance delta which the magnetic powder A adjoins 
is controlled by the gestalt of this operation by the spacing material B, 
since it presses, the spacing material B is not maintaining the particle 
size before mixing, and may be ground after shaping. However, although 
it is ground even if at the time of compression molding that the mean 
diameter of the spacing material B is set to 10 micrometers or more and 
it becomes fine, since the distribution width of face of the magnetic 
tooth space delta becomes large greatly, the variation is not desirable. 
[0062] (Gestalt 3 of operation) Metal magnetism powder (Fe-aluminum-Si) 
used the atomizing powder with a mean particle diameter of 100 
micrometers or less with Si-9% which is the Sendust presentation, 
aluminum-5%, and Remainder Fe. The organic substance used the organic 
compound C as shown in the silicon resin powder of 3 micrometers or less 
of mean diameters, fluororesin powder, benzo KUANAMIN resin powder, and 
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the following as spacing material. 

[0063] 

[Formula 5] 
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[0064] However, in the above-mentioned general formula, X is [ an 
organic functional group and Z of an alkoxy silyl radical and Y ] 
organic units. 

[0065] Furthermore, made into 1 weight section the binder used at a 
mixed process, and heat treatment temperature was made into 750 degrees 
C, and also samples 30-33 (example) and a sample 34 (example of a 
comparison) were produced like the gestalt 1 of operation, and it 
evaluated. 

[0066] An evaluation result is shown in (Table 3). 
[0067] 
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[0068] In addition, although the sample 34 had the measured value of 
delta/d smaller than 10-3, the other sample was satisfied with 70% or 
more of the whole magnetic powder of the relation which is 10-3 <= 
delta/d <=10-1. 

[0069] The effectiveness by addition of the organic substance is known 
as spacing material so that more clearly than the result of (Table 3). 
[0070] The distance delta which magnetic powder A adjoins with the 
organic substance can be controlled, and the permeability of a compound 
magnetic material and a direct-current superposition property can be 
controlled. 

[0071] In order to control the distance delta which magnetic powder A 
adjoins by the spacing material B here, the particle diameter is 
important and its particle thing is desirable. Moreover, since organic 
powder can also expect the effectiveness which binds magnetic powder A 
that it is easy to deform at the time of compression molding, its 



reinforcement of a compression-molding object is high. 
[0072] It is either silicon resin powder, fluorine resin powder or benzo 
KUANAMIN resin powder, and since thermal resistance is high, as for the 
powder used for the gestalt of this operation as the organic substance 
here, after a heat treatment process can maintain the effectiveness as 
spacing material. If it used for the gestalt of this operation and also 
thermal resistance is high by the particle, it cannot be overemphasized 
that there is usable and same effectiveness. 

[0073] Moreover, it can also control the springback of the Plastic solid 
after powder molding while the magnetic powder A reduces the elasticity 
of a binder with a wrap as spacing material as for an organic compound C 
and it improves a powder nature moldability. Moreover, since thermal 
resistance is also high, after heat treatment holds the effectiveness as 
spacing material. Here, the molecular weight of this organic compound C 
is about 5000 further more preferably tens of thousands or less. 
[0074] If the organic compound C and the basic configuration of the 
organic substance are the same, even if it will change the functional 
group of an end here, it cannot be overemphasized that the same 
effectiveness is shown. 

[0075] Moreover, to the magnetic powder 100 weight section, the addition 
of these organic substance has effective 0. 1 - 5 weight section as 
spacing material, and can control the distance which magnetic powder A 
adjoins. If [ than 5 weight sections ] more [ it is effective as spacing 
material and there is nothing, when there are few organic compounds than 
the 0.1 weight section, and ], in order for the filling factor of 
magnetic powder to fall, magnetic properties fall. 
[0076] (Gestalt 4 of operation) Used spacing material as the organic 
compound C, adjusted the compacting pressure of a 1 shaft press, and 
sigma/d was changed, and also samples 35-37 (example) and samples 38 and 
39 (example of a comparison) were produced like the gestalt 3 of 
operation, and it evaluated. 

[0077] An evaluation result is shown in (Table 4). 
[0078] 
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[0079] In order to be compatible in a good direct-current superposition 
property and good permeability so that more clearly than the result of 
(Table 4), it is required to have satisfied the relation which is 10-3 
<= delta/d <=10-1. 

[0080] Here, when the effective permeability of mur and a magnetic core 
is generally set to mue for the true permeability of magnetic powder, 
relation like the following formula is shown. 
[0081] mue**mur/(l+mu r-delta/d) 

The minimum of delta/d is decided from an indispensable direct-current 
superposition property, and a delta/d upper limit is decided by required 
permeability. In order to realize a good property, it is required to be 
satisfied with 70% or more of the whole magnetic powder of the relation 
which is 10-3 <= delta/d <=10-1, and it is 10-3 <= delta/d <=10-2 more 
preferably. 

[0082] This invention can control delta by changing the class of spacing 
material B, particle size, particle size distribution, etc. , and can 
control the permeability of a compound magnetic material, and a direct- 
current superposition property by it. 

[0083] (Gestalt 5 of operation) and also it sets spacing material to Ti 
with a mean particle diameter of 10 micrometers or less and Si and makes 
heat treatment temperature into 750 degrees C — the gestalt 1 of 
operation — being the same (Table 5) — the presentation of metal 
powder as shown, and the class of spacing material estimated by 
producing samples 40-45 (example) and a sample 46 (example of a 
comparison) . 

[0084] An evaluation result is shown in (Table 5). 
[0085] 
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[0086] Although the sample 46 had the measured value of delta/d smaller 
than 10-3, the other sample was satisfied with 70% or more of the whole 
magnetic powder of the relation which is 10-3 <= delta/d <=10-1. 
[0087] The effectiveness according [ accord / as magnetic powder / Fe 
system, a Fe-Si system, a Fe-aluminum-Si system, a Fe-nickel system, and 



Permendur ] to addition of Metals Ti and Si as spacing material is known 
so that more clearly than the result of (Table 5). 

[0088] In addition, if metallic materials other than the above-mentioned 
spacing material cannot react easily during magnetic powder and heat 
treatment, either, it cannot be overemphasized that there is same 
effectiveness, and there is same effectiveness even if it mixes and uses 
metal powder. 

[0089] The distance delta which magnetic powder A adjoins with a metal 
can be controlled by this invention, and the permeability of a compound 
magnetic material and a direct-current superposition property can be 
controlled by it. For example, metals, such as Ti, Si, aluminum, Fe, Mg, 
and Zr, are mentioned. 

[0090] Since a metal can also expect the effectiveness which binds 
magnetic powder A that it is easy to deform at the time of compression 
molding, its reinforcement of a compression-molding object can be high, 
it can control the distance delta which magnetic powder A adjoins, and 
can control the permeability of a compound magnetic material, and a 
direct-current superposition property. 

[0091] (Gestalt 6 of operation) Using aluminum, Si-9% whose Fe-aluminum- 
Si of metal magnetism powder is the Sendust presentation, aluminum-5%, 
an atomizing powder with a mean particle diameter [ of Remainder Fe ] of 
100 micrometers or less, and spacing material considered as compacting 
pressure 8 t/cm2 of a 1 shaft press, they produced [ as shown in (Table 
6), they changed heat treatment temperature, and also ] 47, and 48 
(example) and a sample 49 (example of a comparison) like the gestalt 5 
of operation, and evaluated. 

[0092] An evaluation result is shown in (Table 6). 
[0093] 
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[0094] If it heat-treats at the temperature exceeding the melting point 
of 660 degrees C of aluminum so that more clearly than the result of 
(Table 6), metaled melting will happen, spacing material effectiveness 
will be lost, and a property will deteriorate sharply. It is indicated 
that a good property is heat treatment temperature lower than the 
melting point. 



[0095] By using the metal powder with the melting point higher than heat 
treatment temperature as spacing material Since melting does not happen 
to the effectiveness and coincidence in a gestalt 5 of operation at the 
time of heat treatment, either, while it is effective as spacing 
material, and being able to control to a precision the distance which 
magnetic powder A adjoins and securing necessary minimum magnetic tooth- 
space length to them Maintaining high permeability by narrowing magnetic 
tooth-space distribution width of face as the whole, a good direct- 
current superposition property can be realized and eddy current loss can 
also reduce magnetic powder by isolating certainly. 
[0096] (Gestalt 7 of operation) Using Ti, spacing material made heat 
treatment temperature 750 degrees C for the mean particle diameter of 
spacing material again, as shown in (Table 7), and also it produced 
samples 50-52 (example) and a sample 53 (example of a comparison) like 
the gestalt 6 of operation, and evaluated. 
[0097] An evaluation result is shown in (Table 7). 
[0098] 
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[0099] It turns out that the mean particle diameter of spacing material 
is effective by 20 micrometers or less so that more clearly than the 
result of (Table 7). 

[0100] In this invention, in order to obtain a compound magnetic 
material through the process of compression molding, the spacing 
material B is not maintaining the particle size before mixing, shaping 
backward metal particles deform, and are rolled out, and a magnetic 
tooth space may become small. However, though it deforms even if that 
the mean particle diameter of the spacing material B is set to 20 
micrometers or more at the time of compression molding and a magnetic 
tooth space becomes small, since the distribution width of face of the 
magnetic tooth space delta becomes large greatly, the variation is not 
desirable. 

[0101] As spacing material, aluminum 203 with a particle size of 5 
micrometers, Ti with a particle size of 10 micrometers, (Gestalt 8 of 
operation) It blends equivalent [ every ] that it seems that it becomes 



1 weight section as a spacing material total amount in combination as 
shows silicon resin powder with a particle size of 1 micrometer and an 
organic compound C in (Table 8). Compacting pressure 10 t/cm2 of a 1 
shaft press and heat treatment temperature were made into 700 degrees C, 
and also samples 54-59 (example) and a sample 60 (example of a 
comparison) were produced like the gestalt 7 of operation, and it 
evaluated. 

[0102] An evaluation result is shown in (Table 8). 
[0103] 
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[0104] Although the sample 60 had the measured value of delta/d smaller 
than 10-3, the other sample was satisfied with 70% or more of the whole 
magnetic powder of the relation which is 10-3 <= delta/d <=10-1. 
[0105] It turns out that it is effective in the combination of each 
spacing material so that clearly from the result of (Table 8). 
[0106] Although the gestalt of this operation showed two kinds of 
combination, even if it combines much more classes in addition to this, 
it is effective, and it cannot be overemphasized that the same 
effectiveness can be acquired also in combination like other throats. 
[0107] At least two or more kinds in an inorganic substance, the organic 
substance, and a metal can be included as spacing material, and the 
permeability of a compound magnetic material and a direct-current 
superposition property can be controlled by combination of the class of 
spacing material. 

[0108] A presentation with the particle size of 5 micrometers as spacing 
material nickel-78. 5% (Gestalt 9 of operation) What adjusted 
permeability to 1500, 1000, 900, 100, and 10 by changing the heat 
treatment conditions of fine particles is used using Fe-nickel of 
Remainder Fe. It considered as compacting pressure 7 t/cm2 of a 1 shaft 
press, and also samples 61-63 (example) and samples 64 and 65 (example 
of a comparison) were produced like the gestalt 8 of operation, and it 
evaluated. 

[0109] In addition, the permeability of Fe-aluminum-Si used as the metal 



magnetic substance was 1000. 

[0110] An evaluation result is shown in (Table 9). 
[0111] 
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[0112] The permeability of a compound magnetic material and a direct- 
current superposition property are controllable by spacing material 
serving as a magnetic tooth space as a result, and changing the distance 
delta of magnetic powder A because the permeability of spacing material 
is smaller than the permeability of metal magnetism powder even if 
spacing material is not necessarily nonmagnetic so that clearly from the 
result of (Table 9). 

[0113] (Gestalt 10 of operation) as metal magnetism powder — Fe-nickel 
(nickel- 78.5%) The pulverized powder from which particle size 
distribution with a mean particle diameter [ of Remainder Fe ] of 100 
micrometers or less differ, Using Ti with a mean particle diameter of 10 
micrometers or less, spacing material makes heat treatment temperature 
680 degrees C, and shows sinking-in material in (Table 10). The void 
content was changed according to the compacting pressure of a 1 shaft 
press, and the particle size distribution of metal magnetism powder, and 
also samples 66-69 (example) and samples 70-72 (example of a comparison) 
were produced like the gestalt 1 of operation, and it evaluated. 
[0114] Breaking strength was measured by the three-point bending test by 
head speed 0.5 mm/min. An evaluation result is shown in (Table 10). For 
example, two or more [ 20Ns //mm ] have [ the choke coil for a harmonic 
distortion cure ] desirable breaking strength. 
[0115] 
[Table 10] 
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[0116] It turns out that the mechanical strength is improving the 
compound magnetic material whose void content after heat treatment is 
less than [ of the whole / more than 5vol%50vol% ] by sinking in by the 
insulating impregnant so that more clearly than the result of (Table 10). 
Moreover, also in the reliability trial, it was satisfactory. 
[0117] Core reinforcement can be improved by sinking in by the 
insulating impregnant. Furthermore, it is effective in rust proofing of 
the metal magnetic substance, a raise in surface resistance, etc. to 
sink in by the insulating impregnant. Effectiveness can be further 
heightened because an impregnant enters the interior of a core by 
performing vacuum impregnation and pressurization sinking in in other 
than the usual immersion as the approach of sinking in. 
[0118] In order to heighten the effectiveness of sinking in, it is 
important that the void content after heat treatment is less than [ of 
the whole / more than 5vol%50vol% ]. Since it will become an opening boa 
if a void content generally becomes more than [ of the whole ] 5vol%, an 
impregnant enters to the interior of a core and a mechanical strength 
and dependability improve. Moreover, since magnetic properties will 
deteriorate if a void content becomes more than 50vol%, it is not 
desirable. 

[0119] As an insulating impregnant, general-purpose resin, such as an 
epoxy resin, phenol resin, vinyl chloride resin, butyral resin, organic 
silicon resin, and inorganic silicon resin, can be used according to the 
purpose of use. As criteria of material selection, it being strong to 
thermal shocks, such as a heatproof for solder and a thermo cycle, 
resistance, etc. are mentioned. 
[0120] 

[Effect of the Invention] This invention can offer the compound magnetic 
material with which a core loss has the low direct-current superposition 
property that permeability is high and good so that clearly from the 
above explanation. 
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DESCRIPTION OF DRAWINGS 

[Brief Description of the Drawings] 

[Drawing l] The flow chart which shows the manufacture approach of the 
compound magnetic material of this invention 
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